Acute cellular rejection (ACR) and hepatitis C virus (HCV) recurrence (HCVrec) are common complications after liver transplantation (LT) in HCV patients, who share common clinical and histological features, making a differential diagnosis difficult. Fiftythree liver allograft samples from unique HCV LT recipients were studied using microarrays, including a training set (n = 32) and a validation set (n = 19). Two no-HCV-ACR samples from LT recipients were also included. Probe set intensity values were obtained using the robust multiarray average method (RMA) method. Analysis of variance identified statistically differentially expressed genes (P ≤ 0.005). The limma package was used to fit the mixed-effects models using a restricted maximum likelihood procedure. The last absolute shrinkage and selection operator (LASSO) model was fit with HCVrec versus ACR as the dependent variable predicted. N-fold cross-validation was performed to provide an unbiased estimate of generalization error. A total of 179 probe sets were differentially expressed among groups, with 71 exclusive genes between HCVrec and HCV-ACR. No differences were found within ACR group (HCV-ACR vs. no-HCV-ACR). Supervised clustering analysis displayed two clearly independent groups, and no-HCV-ACR clustered within HCV-ACR. HCVrec-related genes were associated with a cytotoxic T-cell profile, and HCV-ACR-related genes were associated with the inflammatory response. The best-fitting LASSO model classifier accuracy, including 15 genes, has an accuracy of 100% in the training set. N-fold cross-validation accuracy was 78.1%, and sensitivity, specificity and positive and negative predictive values were 50.0%, 90.9%, 71.4% and 80.0%, respectively. Arginase type II (ARG2), ethylmalonic encephalopathy 1 (ETHE1), transmembrane protein 176A (TMEM176A) and TMEM176B genes were significantly confirmed in the validation set. A molecular signature capable of distinguishing HCVrec and ACR in HCV LT recipients was identified and validated.
INTRODUCTION
Liver transplantation (LT) is the chosen treatment for patients with advanced liver disease and cirrhosis (http://optn. transplant.hrsa.gov). Endstage liver disease associated with hepatitis C virus (HCV) infection constitutes the leading indication for orthotopic LT (OLT) in the U.S., Europe and Japan. Unfortunately, reinfection of the graft represents a universal phenomenon after LT. The majority of patients with virological recurrence will develop histological graft injury, with about one-third of patients developing cirrhosis at only 5 years of follow-up (1) (2) (3) (4) (5) . In addition, time interval from HCV cirrhosis to decompensation is significantly shorter in OLT recipients than in nontransplant patients (1) (2) (3) (4) (5) . Not surprisingly, HCV is associated with decreased patient and graft survival when compared with other indications of OLT (1, 5) .
Factors associated with accelerated HCV recurrence (HCVrec) after LT include high viremia, donor age and quality (older than 55 years old), prolonged cold ischemia time, cytomegalovirus and immunosuppressant protocols.
Acute cellular rejection (ACR) after LT is common and remains an important cause of morbidity and late graft failure in the liver transplant recipient (LTR). Recent data suggest a variable rate of ACR between 18% and 30% (6) . This tendency may be explained by the introduction of new and more potent immunosuppressant drugs in the last decade, capable of reducing the risk of ACR (6, 7) .
ACR rate after LT is especially controversial in HCV-positive recipients because of the overlapping of clinical and histological features with HCVrec. Reports suggest that the incidence of ACR may be in the range of 40% to 49% in HCV-positive recipients 6 months after LT (7) . The high discrepancy of ACR incidence in HCV patients is explained by
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Ricardo Gehrau, 1 Daniel Maluf, 1 Kellie Archer, 2 Richard Stravitz, 1 Jihee Suh, 1 Ngoc Le, 1 and Valeria Mas the difficulty on the differential diagnoses, which represents one of the most critical challenges in the liver transplant community. Furthermore, accurate diagnosis remains a critical issue, since associated therapy may lead to worse graft and patient survival (6) (7) (8) (9) (10) . It is well documented that pulse intravenous corticosteroid bolus treatment for ACR exacerbates HCV infection, inducing transient 1-to 2-log increased HCV RNA levels and thus increasing mortality and graft loss (5, 7, 11, 12) . There is a critical need for biomarkers capable of accurately differentiating between these two entities after LT. Despite some promising results, discovery of reliable diagnostic biomarkers is still lacking. Whole genome oligonucleotide microarrays represent a powerful technology to study thousands of genes simultaneously and concomitantly to discover new biomarkers for diagnosis, prognosis and treatment of complex and multifactorial diseases. In the present report, we evaluate differential gene expression, using microarrays in liver samples from HCV transplant recipients with HCVrec disease, and ACR in the setting of HCV infection.
MATERIALS AND METHODS

Patients and Tissue Samples
The Institutional Review Board approved the study at Virginia Commonwealth University. Written informed consent was obtained from all patients. A total of 53 liver samples from unique HCV LT recipients were used for this study. As the training set, 32 fresh-frozen liver tissue samples were obtained for clinical indication: 22 tissues from patients with HCVrec and 10 with ACR in the setting of HCV infection (all diagnosed by histopathological examination). In addition, two fresh-frozen tissue samples from HCV seronegative post-LT recipients and with histological diagnosis of ACR were included. Furthermore, an independent set of 19 biopsy samples histologically diagnosed with HCVrec (n = 9) and HCV-ACR (n = 10) were evaluated as the validation set. Demographic and clinical characteristics of both training and validation sets of patients were collected.
RNA Isolation, cDNA Synthesis and In Vitro Transcription for the Labeled cRNA Probe
Tissue samples were snap-frozen in liquid nitrogen or collected in RNA Later solution (Ambion, Austin, TX, USA) and stored at -80°C until use. Total RNA was extracted using TRIzol (Life Technologies, Carlsbad, CA, USA) by strictly following the Affymetrix GeneChip ® Expression Analysis Manual (Affymetrix, Santa Clara, CA, USA). Total isolated RNA sample preparation follows purity and integrity quality control parameter criteria previously established in our laboratory (13) . cDNA synthesis, in vitro transcription for labeled cRNA probe, Affymetrix HGU133A version 2.0 GeneChip ® hybridization, as well as array image generation and probe sets reading and expression analysis were performed as described previously (13) .
Data Analysis
To identify probe sets significantly differentially expressed from hybridized microarrays and among the three samples groups, probe set level analysis of variance models were fit considering probe set expression as the response and tissue type (HCVrec, HCV-ACR and no-HCV-ACR) as the fixed effect of interest. A group's mean parameterization of tissue type was included as the fixed effect term to facilitate extraction of linear contrasts of interest. To adjust data for multiple comparisons, probe sets with P values from the overall F test <0.005 were considered significant. Thereafter, among probe sets identified as differentially expressed via the F test, all pair-wise comparisons were performed. The limma package was used to fit the mixed-effects models using restricted maximum likelihood procedure. Also, an empirical Bayes method was applied to moderate probe set standard errors by borrowing information across the entire group.
Statistical Predictive Class Analysis
The last absolute shrinkage and selection operator (LASSO) L1-penalized method was performed as a classifier for HCVrec versus HCV-ACR as a predicted dependent variable. The relevance and effectiveness of penalized methods, more specifically for LASSO, when modeling microarray data to identify important genes, was previously described (14) . The LASSO model was fit using the glmpath package (15) in the R programming environment (16) using an appropriate Bioconductor package (17) . All probe sets identified as significantly differentially expressed when comparing HCVrec (n = 22) to HCV-ACR (n = 10) were included into the analysis. N-fold cross-validation was performed to provide an unbiased estimate of generalization error when classifying groups and thus to validate the accuracy and analytical performance of the best-fitted model.
Interaction Network and Functional Analysis
Gene ontology and interaction were analyzed with the Ingenuity Pathways Analysis (IPA) tool 8.7 (http://www. ingenuity.com). Lists of specific genes were generated from each corresponding supervised analysis obtained for each pair-wise comparison. Also, the IPA tool was used to analyze the biological role of those genes identified by the best-fitting LASSO model. All gene lists generated from pair-wise comparisons and containing probe set IDs, Entrez gene IDs as clone identifiers and foldchange values were mapped in the Ingenuity Knowledge Base (genes + endogenous chemicals) as the reference set. A similar analysis was performed for those differentially expressed probe sets representing genes identified as specifics for HCVrec versus HCV-ACR (Table 1) . Biological role and disease relevance were established for each specific gene list through the associated 
RESULTS
Patients
Clinicopathological characteristics of the 51 LT patients are fully described in Supplementary Table S1 (A,B). All patients (except the two no-HCV patients with ACR) included into this study were diagnosed with HCV infection, genotype 1b before LT, and were the primary transplant, and all patients received an HCV-negative graft from a standard deceased donor. The immunosuppression protocol was similar for all patients and consisted of calcineurin inhibitor (tacrolimus, cyclosporine)-based therapy and steroid induction. The steroid-based therapy was routinely discontinued 3 months after LT in all cases.
Genomic Clustering of Liver Biopsy Samples
A total of 22,098 probe sets (>91%) were identified as present in each hybridized microarray generated for each tissue sample diagnosed with HCVrec (n = 32) and HCV-ACR and no-HCV-ACR (n = 19). Afterward, control probe sets were removed and the gene expression data set was further restricted to include only those probe sets declared to be either present or marginally present in at least 50% of the samples with an expression standard deviation among the 99th percentile or higher. Unsupervised hierarchical clustering analysis was performed to determine the natural sample clustering (Figure 1 ). The generated heatmap and dendrogram grouped most of HCVrec samples (68%; 15/22) in a defined cluster. A similar trend was observed for the majority of HCV-ACR samples. In addition, one HCV-ACR sample was found to be clustered independently from both main groups. The misclassified profile may be a result of intrinsic clinicopathological features particular for each patient. Nevertheless, this analysis further suggested the possibility to differentiate both pathological conditions through the study of the differential genomic profile.
Identification of Differentially Expressed Probe Sets Among Sample Clusters
To better define a differential genomic profile within conditions, only probe sets exhibiting P values ≤0.001 were considered significant. A total of 179 probe sets were identified as significantly differentially expressed among three diagnostic groups (HCVrec, HCV-ACR and no-HCV-ACR). All multiple pair-wise comparisons were performed to better define the relevance of those significant probe sets (Figure 2A) . From this analysis, 123 (116 genes), 98 (94 genes) and 12 (12 genes) probe sets were found to be significantly differentially expressed among HCVrec versus HCV-ACR, and HCVrec versus no-HCV-ACR, and HCV-ACR versus no-HCV-ACR, respectively. From the analysis of each pair-wise comparison, 80 probe sets (71 genes) were identified as exclusively differentially expressed between HCVrec and HCV-ACR. When the analysis was performed for HCVrec versus no-HCV-ACR, 47 probe sets (36 genes) were identified as significant (Figure 2A) . Furthermore, only one probe set was exclusively identified between ACR tissue samples regarding the HCV infection state of the patient. Those ACR tissue samples were incorporated to identify genes specifically associated with this post-LT complication independent of HCV setting. Thus, this finding suggests independent characteristics for ACR, regardless of the recipient's clinical feature.
Supervised Genomic Clustering
Those specific probe sets identified by pair-wise comparison between HCVrec and HCV-ACR were analyzed to identify a characteristic molecular signature. From the analysis of those 71 genes specifically differentially expressed between groups, 59 genes (83%) were preferentially expressed in HCVrec samples, whereas the remaining 17% (12 genes) were identified in ACR-HCV (Table 1 ). The probe set intensity values representing those exclusive genes were used to conduct a supervised hierarchical clustering analysis ( Figure 2B ). The generated heatmap and dendrogram identified most HCVrec and HCV-ACR samples tightly clustered in two independent groups. Importantly, those no-HCV-ACR samples clustered within the HCV-ACR group in favor of the negligible differential gene expression between both ACR origins.
Biological Function Analysis of HCVrec and HCV-ACR Exclusive Genes
Core analysis was performed to interpret the data set in the context of biological processes, pathways and molecular networks those specific genes differentially expressed when comparing HCVrec with HCV-ACR. HCVrec-related genes were found to be preferentially associated with cell death regulation (P = 9.55E-04-4.55E-02), cell morphology (P = 1.59E-03-4.55E-02), carbohydrate (P = 3.32E-03-4.23E-02), amino acid metabolism (P = 3.32E-03-2.30E-02) and cellular development (P = 3.32E-03-2.30E-02). From the analysis of HCV- Figure 1 . Unsupervised hierarchical clustering that includes all samples from the training group. Heatmap and dendrogram were generated using Ward's method with 1 -|Pearson correlation| as the distance measure, including probe sets declared to be either present or marginally present in at least 50% of samples and having an expression standard deviation among ≥99th percentile. HCV recur, HCV recurrence; ACR only, no-HCV-ACR.
ACR-related genes, the identified canonical pathways were significantly implicated in cell growth and proliferation (P = 7.11E-04-4.93E-02), cell cycle (P = 7.76E-04-1.47E-02), cell-to-cell signaling and interaction (P = 7.76E-04-4.88E-02) and cellular assembly and organization (P = 7.76E-04-3.06E-02) (Supplementary Table S2 ). The overview of this analysis clearly suggests different cellular mechanisms involved in both post-LT pathological conditions.
Association of the Differentially Expressed Genes with Pathological Conditions
To better differentiate both conditions, the role and impact of these differentially expressed genes in disease development were analyzed using the IPA tool (www.ingenuity.com).
From the analysis, 32% (19/59) of HCVrec-deregulated genes were significantly associated with disease molecular pathways involved in cancer development (17 molecules; P = 1.42E-03 to 4.60E-02) and gastrointestinal disease (6 molecules; P = 6.42E-03 to 3.27E-02). A group of cancer-associated genes was found to be involved in T cytotoxic lymphocyte development (adaptor-related protein complex 2 Overall, these results propose that a cytotoxic component may be exerted by a tuned T-cell-mediated cytolysis in response to virus-infected cells in HCVrec samples. The role of HCV-ACR-related genes suggests allograft damage may be caused by an adaptive immune response as an immediate hypersensitivity reaction and also may be through a T-cell immunoreaction trend.
Predictive Model that Uses the L1 Penalized Method
The LASSO (L1)-penalized method was performed as a classifier for HCVrec versus HCV-ACR to identify most important genes. The best-fitting LASSO model was subsequently confirmed using the N-fold cross-validation method Table 1 ). Heatmap and dendrogram were generated using Ward's method with 1 -|Pearson correlation| as the distance measure. Blue boxes, HCV recurrence; black boxes, HCV-ACR; yellow boxes, no-HCV-ACR (ACR-only).
as described in previous reports from our laboratory (14) . The genomic pattern displayed by the best-fitting LASSO model included 15 probe sets differentially expressed for HCV-ACR (eight genes) and HCVrec disease (seven genes), listed in Table 2 . Except nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor, alpha (NFKBIA), all genes were also present in the differentially expressed probe sets identified by pairwise comparisons. More importantly, the N-fold cross-validation estimated error rate for the best-fitting model was 21.9%, which indicates a classifier accuracy rate of 78.1%. The classifier rates for sensitivity, specificity and positive and negative predictive values were 50.0%, 90.9%, 71.4% and 80.0%, respectively. Interestingly, 4 of those 15 genes (1 associated with HCV-ACR [ARG2] and 3 associated with HCVrec [ETHE1, TMEM176A and TMEM176B]) were also included into the characteristic molecular signature identified between HCVrec and HCV-ACR (Tables 1 and 2).
Biological function analysis associated those genes with cell death, gene expression and cell cycle progression as top scored network functions (score >26), along with molecular transport, lipid metabolism, cellular movement and protein synthesis pathways. HCVrec differentially expressed genes were found to be associated with IFN-γ positive gene expression regulation (period homolog 2 (Drosophila) [PER2] [19] ); NFKB signaling pathway involved in regulation of T-cell proliferation, activation and apoptosis (NFKBIA and ETHE1 [20, 21] ); dehydroepiandrosterone sulfation and detoxification of bile acids (SULT2A1), which was downregulated in the lipopolysaccharide (LPS)-induced acute-phase response (22) ; cAMP-dependent protein kinase (PKA) signaling inhibitor (PKIG [23] ); and genes involved in the maintenance of the immature state of dendritic cells (TMEM176A and TMEM176B [24] ) ( Table 2 ). In a different trend, HCV-ACR-associated genes were found to be preferentially involved in the proinflammatory process related to hypersensitive reaction and apoptosis regulation (phospholipase A2, group VII (platelet-activating factor acetylhydrolase, plasma) [PLA2G7]; ARG2; GRAM domain containing 4 [GRAMD4]), oxygen transport activity and severe acute respiratory syndrome (hemoglobin, gamma G [HBG2]). Of note, the arginase 2 encoding gene (ARG2) exerts an anti-apoptotic role through the negative modulation of nitric oxide (25) , and its expression was found to be increased during eosinophil inflammatory reaction in asthma via the Th2 lymphocyte profile induced by interleukin (IL)-4 and IL-13 (26, 27) . The platelet-activating factor-acetylhydrolase enzyme encoding gene (PLA2G7) is a proinflammatory factor associated with atherogenic plaque formation (28, 29) and apoptosis inhibition through oxidized phospholipid hydrolization (30) . The cellular function of GRAMD4 was postulated as similar to the p53 apoptosis regulatory factor (31) . ATP12A is related with ATPase H(+) and K(+) ions exchange, and no specific cellular role has yet been established for TMEM194A, KIAA0182 and BTBD14A (Table 2) .
To sum up, the HCVrec-associated genes identified by the LASSO predictive model are preferentially involved in an innate immune response, whereas HCV-ACR-related genes suggest a strong proinflammatory and antiapoptotic activity more related to an adaptive immune response that may be associated to a Th2 context
Gene Expression Validation in an Independent Set of Samples
A set of genes was selected for further evaluation in an independent set of samples using the following criteria: (a) differentially expressed genes between HCVrec and HCV-ACR and (b) identification in the best LASSO model. The expression levels of ARG2, ETHE1, TMEM176A and TMEM176B genes, all identified by supervised analysis and the LASSO model, were validated in an independent sample set by qPCR. From the analysis, all genes were found to be significantly and differ- Additional data regarding each gene are detailed in Tables 1 and 2. entially expressed between both post-LT conditions. More importantly, there was a perfect correlation between both expression profiles identified by microarrays (training set) and RT-qPCR (validation set), as shown in Table 3 .
DISCUSSION
Liver biopsy is currently considered the gold standard for the histopathological evaluation of complications occurring on the graft after LT. However, differentiation of HCVrec from ACR in HCV LT recipients is especially challenging and provides conflicting results, even among experienced liver pathologists (32) (33) (34) (35) (36) (37) .
Importantly, therapy selection and efficacy further relies on the accuracy of the diagnosis. Actually, an ambiguous or uncertain diagnosis may induce a detrimental manner on the graft and patient survival rates (7, 11) .
In the recent years, a substantial number of markers were postulated as potential biomarkers of disease differentiation. Recent studies on immunohistochemistry assays proposed the end product of activated complement cascade component C4 (C4d) as a promising biomarker to differentially diagnose HCVrec from ACR (36, 37) . Unfortunately, these findings were not able to be validated by a prospective study using an enzymelinked immunosorbent assay-based test (38) . In addition, MxA and IFI16 interferon-inducible proteins (39, 40) and the lymphocyte-expressed Mcm-2 protein (35) were also postulated as potential biomarkers, but prospective studies for further validation are lacking. The potential utility of the ImmunKnow assay for the post-LT immune function status of HCV recipients using biopsy samples was suggested by Cabrera et al. (41) . Moreover, the findings from this report were further supported by Rubinas et al. (42) and others (43) . However, the reliable availability and accuracy of biomarkers to support or replace histopathology is scarce.
Microarray technology represents an excellent tool to elucidate differential gene expression patterns and establish accurate molecular markers for differential disease diagnosis (44) . There are two previous reports that aimed to differentiate ACR and HCVrec by genomic studies (45, 46) . These reports showed gene expression profiles characterizing the two subgroups of HCV patients. However, in the study performed by Sreekumar et al. (46) , the signatures were not validated in an independent set of patients. Also, both reports lack inclusion of ACR samples from recipients with no HCV infection.
In the present study, we successfully performed whole genome analysis using GeneChip microarrays to differentiate biopsy-proven HCVrec disease from ACR in the setting of HCV infection. From this study, we identified a gene signature composed of 71 molecules differentially expressed between HCVrec (59 genes) and ACR (12 genes). The biological analysis of the cellular function of those genes associated with HCVrec revealed a strong hepatocyte cytotoxicity component represented by genes involved in regulation of proliferation, growth, adhesion and apoptosis of cytotoxic T lymphocytes and regulated by canonical pathways such as IFN-γ and nuclear factor κB. In comparison, the biological role of genes identified as exclusive for ACR in the setting of HCV infection suggested an association of the allograft damage through an immediate hypersensitivity reaction. This result may be triggered by eosinophil and neutrophil cell degranulation (major basic protein-1 encoding gene [PRG2]), along with the possibility of atherosclerosis development, mainly due to the presence of macrophage-related metabolic genes. It is interesting to note that some genes exclusively identified in ACR were associated with atherosclerosis development (such as PLA2G7 [28, 29] ) and nitric oxide degradation (such as ARG2 [25] ), which may be involved in the hepatic vein endothelium injury mechanism characteristic of this post-LT complication.
Sreekumar et al. (46) previously reported a differential gene expressed between well-characterized HCVrec and ACR, but this report suggested that the HCVrec pathological component is more related to HCV infection cytopathic effects rather than the immune-mediated process. Also, the authors related the differential expression of IL-2, IFN-γ and tumor necrosis factor (TNF)-α encoding genes to ACR, whereas other authors found increased IL-4 and IL-10 gene expression (47) . Furthermore, other reports suggest that the pathophysiological mechanisms of both entities are mainly characterized by a T-lymphocyte infiltrate, and although the distinction is difficult when overlapping occurs, the fine immune cell functions tuning and localization indicate that those conditions are completely different (4, 7) . In a timeline, HCVrec mostly begins 3-8 weeks after LT, whereas ACR begins mostly within 60-90 days. However, it is well known that the time of occurrence of these two complications overlaps (4) .
Histopathologically, HCVrec is characterized by lobular hepatitis featured by mottled apoptotic hepatocytes and inflammation generated by a Th-1 type lymphocytic immune reaction (INF-γ, TNF-α, IL-2 and IL-12) with predominant cytotoxic T cells (mostly CD8 + )
aimed at directly eliminating infected hepatocytes. In combination, high HCV viral replication induces oxidative stress and ineffective antiviral immune response, contributing to the inflammatory scenario through activation of the Fas ligand apoptotic pathway and inducing hepatocyte lysis through the perforin/ granzyme system (4, 48, 49) . ACR is histologically characterized by inflammatory infiltrates of portal tracts, bile ducts and hepatic vein endothelium by CD4 + and CD8 + T lymphocytes and macrophages, as dominant cell types and together with eosinophil cells (4, 6) . Furthermore, in addition to T cells, B lymphocytes and plasma cells were also suggested to be present in ACR infiltrates (7, 50) . The identified gene expression profiles in the present study correlate with the predicted signatures for the cells described as involved in the characteristic histological features for both HCVrec and HCV-ACR.
Little is known about the ACR condition in the presence and absence of a viral immune reaction scenario. We performed genomic comparative studies to further characterize differential gene expression between ACR alone and in the setting of HCV graft infection, but interestingly, no further significant differences were identified (Figure 2A) . These results are of high interest because they strongly indicate that ACR immune reaction is independent of viral infection backgrounds, at least through gene expression modulation. Nevertheless, it was postulated that the generated inflammatory microenvironment by acute HCV reinfection in combination with partial donor-recipient MHC class I compatibility may trigger an ACR response by enabling MHCrestricted HCV-specific cytotoxic T cells to target alloantigens (4, 7) . In this sense, immune-modulatory-related genes by the MHC class I molecule proteasome degradation (PSMA2) and maintenance of the immature state of dendritic cells (TMEM176A, TMEM176B) were identified as specific for HCVrec. The immature state of dendritic cells was related to the silencing of antigen-specific T cells, thus avoiding an autoimmune reaction (51) . Thus, an early imbalance of the expression of this kind of gene might contribute to the ACR triggering in the acute graft HCV infection.
To gain insight into the diagnostic impact of the generated genomic signature, supervised hierarchical clustering was performed, and all patients were classified into two major groups as HCVrec and HCV-ACR ( Figure 2B ). It is interesting to note that all cases of ACR from patients with no HCV infection were clustered within HCV-ACR samples. This clustering pattern is in agreement with the observed null differential genomic expression between both ACR origins and further corroborates the unique nature of this particular post-LT condition. Also, from the analysis, it is possible to distinguish six samples (two from HCV-ACR and four from HCVrec) as misclassified. Interestingly, reinspection of the pathology report of those HCV-ACR samples revealed mixed histological features with more prominent pan-lobular inflammation and hepatocytes apoptosis and resolved ACR. In contrast, those misclassified HCVrec samples showed histological characteristics of extensive fibrosis and inflammation together with macrovesicular steatosis. In addition, the HCV serum load was found one log lower with respect to other patients, and two of them were directly negative. In conclusion, these cases represent why diagnosis is difficult and show the risk of misdiagnosing post-LT patients because of unclear histopathological reports. These findings further support the potential utility of molecular markers in the differential diagnosis.
Hereby, we proposed a set of genes capable of differentiating both conditions with high accuracy (LASSO), which was further validated in an independent group of well-diagnosed patients. Furthermore, it was possible to determine through the absence of major genomic differences that ACR is a HCV-independent immunological reaction post-LT. More importantly, we proposed a set of four validated genes as potential biomarkers for differential diagnosis of both complications: HCVrec and ACR. Altogether, our findings are of high importance for the accurate diagnosis of both entities, with a concomitant high impact on the selection of suitable therapy. Nevertheless, subsequent cohort studies must be performed and aimed to further validate the identified molecular markers.
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